purpose. To evaluate the use of fibular grafting for fresh femoral neck fractures with posterior comminution. Methods. 18 women and 15 men aged 20 to 60 years underwent osteosynthesis and fibular strut grafting supplemented with 7.0-mm cannulated hip screws for Garden grades III (n=21) and IV (n=12) femoral neck fractures associated with posterior comminution. All fractures were reduced by closed methods, and no hip was aspirated. Clinical and radiological outcomes were evaluated. results. The mean delay in presentation after injury was 3.2 (range, 1-12) days. The mean delay in operation was 8.8 (range, 5-21) days. The mean follow-up period was 2 (range, 1-4) years. According to the Harris hip score, outcome was good to excellent in 20 patients, fair in 7, and poor in 6. 27 of the 33 patients achieved bone union after a mean of 4.7 (range, 4.2-7) months. In 5 patients, the bone was united with a mean of 10º of varus collapse and
the proportion of non-unions in such fractures varies from 10 to 20% up to 43%. 1, 2 The optimal treatment (osteosynthesis versus replacement arthroplasty) for displaced intracapsular femoral neck fractures remains controversial. 3, 4 In younger patients aged <60 years, the femoral head should be conserved to avoid the long-term complications of replacement arthroplasty. The options of osteosynthesis include closed/open reduction and internal fixation with/ without bone grafting, muscle pedicle grafting, and osteotomy with/without bone grafting. In elderly patients with osteoporotic bones, outcome is highly unsatisfactory, as vascularity to the femoral head is damaged and posterior comminution causes instability owing to loss of the buttressing effect of the posterior cortex against external rotation. Internal fixation alone does not provide rigid fixation, owing to cavities in the posterior part of the femoral head and neck. Fractures may displace again even after fixation, and thus bone grafting is recommended. 5, 6 Fibular grafts augment union and provide strength to the posterior cortex during reconstruction of the femoral head and neck. Fibular grafting has been used for neglected or non-union femoral neck fractures. [7] [8] [9] [10] [11] We evaluated the use of fibular grafting for fresh femoral neck fractures with posterior comminution.
Materials and Methods
Between October 2007 and September 2009, 37 patients aged 20 to 60 years underwent fixation using 7.0-mm cannulated cancellous screws and fibular strut grafts for Garden grades III and IV femoral neck fractures with posterior comminution (Fig. a) . Patients aged <20 or >60 years without posterior comminution or those with fractures older than 3 weeks, pathological fractures, or Garden grades I and II fractures were excluded. This study was approved by the ethics committee of our hospital, and informed consent was obtained from each patient. The declaration of Helsinki was observed.
The operation was carried out on a standard operating table under image intensifier control. All fractures were reduced by closed methods (the Whitman or Leadbetter technique). Reduction was confirmed with anteroposterior and lateral views, based on the Garden alignment index. An angle of 160º to 180º in both views was considered satisfactory reduction. None of the hips was aspirated.
One surgical team exposed the proximal femur and prepared the channel for the fibular strut grafts using a dynamic hip screw triple reamer. The other team harvested the fibular graft from the ipsilateral leg using the standard posterolateral approach. Care was taken in detaching muscles on the medial fibula to prevent weakness of the long extensors of the toes. The guide wire for the fibula was placed in the posteroinferior part of the femoral head and neck under an image intensifier. The fibular graft was impacted into the femoral neck using a graft impactor. The fracture was fixed with two 7.0-mm cannulated cancellous screws, which occupy less space in the femoral neck and reduce the risk of avascular necrosis. The fibular graft has osteoconductive and osteoinductive potential, and its trephine shape provides structural stability at the site of posterior comminution.
Postoperatively, non-weight-bearing ambulation was allowed at days 3 to 5 as long as pain was tolerated. Partial weight bearing was allowed after bridging trabeculae was present, and full weight bearing was allowed after the presence of complete bridging trabeculae and a pain-free hip. Patients were followed up 4-weekly until bone union and then every 2 months thereafter. Hip pain, range of hip motion, walking capacity, evidence of bone union, presence of avascular necrosis, graft incorporation, and position of the screws/graft were evaluated. Non-union was defined as gaps at the fracture site even after 6 months. Functional outcomes were evaluated using the Harris hip score.
results
Of the 37 patients, 4 were excluded from analysis owing to inadequate follow-up (n=3) or death unrelated to surgery (n=1). Of the remaining 18 women and 15 men, 15 (46%) were in the age-group of 40 to 60 years (mean, 52 years). The mean delay in presentation after injury was 3.2 (range, 1-12) days. The mean delay in operation was 8.8 (range, 5-21) days. The mean follow-up period was 2 (range, 1-4) years.
According to the Harris hip score, outcome was good to excellent in 20 patients, fair in 7, and poor in 6. Those with good-to-excellent outcome had no or minimal pain after prolonged walking, good range of movement, and were able to squat and sit cross-legged, except for one patient with severe osteoarthritis of the ipsilateral knee joint. All were able to return to their premorbid states.
19 (91%) of the 21 patients with Garden grade III fractures and 8 (67%) of the 12 patients with Garden grade IV fractures achieved bone union after a mean of 4.7 (range, 4.2-7) months (Fig. b) . In 5 patients, the bone was united with a mean of 10º of varus collapse and a mean of 1 cm of shortening.
The remaining 2 (10%) patients with Garden grade III fractures and 4 (34%) patients with Garden grade IV fractures had non-union. In 2 patients with poor co-morbidities, non-union was due to acceptance of insufficient reduction to reduce the operation time. In 2 elderly women, non-union was due to fracture of the severely osteoporotic fibular grafts during impaction into the femoral neck, which was missed intra-operatively. One patient was noncompliant and undertook early full-weight-bearing walking. Another patient was re-injured within a week of the operation. Two of the 6 patients with non-union were lost to follow-up after 6 months. The remaining 4 patients underwent revision surgeries of hemi-replacement arthroplasty (n=2), valgus osteotomy with internal fixation (n=1), and Girdlestone excisional arthroplasty (n=1). The latter patient declined hemi-replacement arthroplasty and was ready to accept the limp and shortening following the Girdlestone excisional arthroplasty.
Other complications included screw migration in the joint space (n=1), graft migration into the joint space (n=3), and screw pullout (n=5) [Fig. c] . There was no bending or breakage of screws. The most common donor-site morbidity was pain. Two patients had weakness of the extensor hallucis longus, which gradually recovered over 6 months. No patient had avascular necrosis of the femoral head.
discussion
The 82% union rate of our patients was inferior to that in other studies reporting 92% 7 and 95%.
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Figure Radiological images showing (a) displaced femoral neck fracture with posterior comminution, (b) bone union at the 6-month follow-up, and (c) graft migration into the joint space, varus collapse and graft fracture at the femoral neck, and screw migration into the joint space (arrows) at the 6-month follow-up. Nonetheless, the extent of posterior comminution of the femoral neck was not mentioned in latter studies. The inferior results in our patients may be attributed to the posterior comminution, which results in marked deficiency in the intramedullary bone of the femoral head and neck and prevents the rigid fixation by a metallic implant alone, while increasing instability at the fracture site. 5, 6 Posterior comminution is a major cause of delayed and non-union owing to the loss of the buttressing effect against the lateral rotation. 1, 2 This results in instability and fixation failure. 12 In patients undergoing fixation without bone grafting, the union rate was 93% for Garden grade III fractures and 57% for Garden grade IV fractures.
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The non-union rates for such fractures range from 10 to 20%. 12 In our study, no patient developed avascular necrosis of the femoral head. This could be attributed to several factors. First, closed reduction by gentle manipulation avoids jeopardising the already compromised blood supply to the femoral head. Second, fibular grafts provides sufficient osteoconductive and osteoinductive potential and act as biological implants for revascularisation. 8, 9 Third, 7.0-mm cannulated cancellous screws occupy less space in the femoral head. In addition, none of our patients had predisposing risk factors such as alcoholism and seizure.
Avascular necrosis of the femoral head may occur even with early reduction and rigid fixation. [13] [14] [15] There is no evidence that a treatment delay of 7 days adversely affects the outcome. 16 The quality of reduction and rigidity of fixation are the major determinants of the outcome in terms of bone union and avascular necrosis. 17 Although replacement arthroplasty results in lower re-operation rates and better functional outcomes for elderly patients with femoral neck fractures, internal fixation preserves the femoral head, results in less surgical trauma, and reduces the risk of morbidity and mortality in very frail, elderly patients. 18 As life expectancy of patients with prostheses increases, the incidence of late complications also increases, including periprosthetic fractures (1-3%), prosthesis loosening (2-10%), and acetabular erosions (4-20%) after hemiarthroplasty. [18] [19] [20] Muscle pedicle bone grafting and vascularised fibular grafting are superior treatments, but are time consuming and necessitate sophisticated instrumentation and microsurgical techniques, which are not easily available and costeffective. The non-union rate (including of the osteotomy site) was high (46%) after osteotomy and internal fixation with bone grafts. 21 Osteotomy may lead to limb shortening, limp, decreased range of movement, avascular necrosis, and non-union at the osteotomy site. 21 The limitations of this study were the small sample size, the short follow-up duration, and the fact that it was non-randomised. Large, multicentre, randomised studies with longer follow-up are required to confirm our findings.
